INTRODUCTION {#sec1-1}
============

Marfan syndrome (MFS) is an autosomal dominant pathology that occurred in around 2--3 in 10,000 people.\[[@ref1]\] Scoliosis over 10° can be found in over 63% of MFS patients, and it is often associated with thoracic lordosis and lumbar kyphosis, severe spondylolisthesis, dural ectasia, and pedicle dystrophy.\[[@ref2][@ref3][@ref4][@ref5]\] Conservative treatment with brace described in the literature is often ineffective.\[[@ref3][@ref6]\] Arthrodesis is suggested for over 40° Cobb curves, but a lot of complications are reported in literature.\[[@ref3][@ref7][@ref8][@ref9]\] Our study aims to identify the reliability of different devices in three-dimensional correction of the spine deformities related to MFS.

MATERIALS AND METHODS {#sec1-2}
=====================

We reviewed retrospectively the records of patients surgically treated, in a single institution between 1999 and 2016, for spinal deformities in MFS. Inclusion criteria were patients aged from 10 to 30 years of age, diagnosis of MFS by Ghent criteria,\[[@ref10]\] scoliosis treated with posterior spinal fusion, 2 years of follow-up (FU) at least, and complete medical data. Patients previously treated for other spine defects such as spondylolisthesis or treated in other institutions were not included in the study. All medical data were reviewed for patient\'s age, surgical procedure, construct type, estimated blood loss (EBL), surgical time, and complications. Magnetic resonance imaging and computed tomography scan were performed before surgery to evaluate the presence of diastematomyelia,\[[@ref11]\] syringomyelia, dural ectasia, or other spinal cord malformations. All patients underwent posterior segmental spinal arthrodesis; hooks with sublaminar wires, hooks with screws, screws, and screws with sublaminar wires were used through the years. Intraoperative motor and somatosensory evoked potentials and blood cell salvage technique were adopted for all patients. Intensive care unit recovery was indicated by anesthesiologist in selected cases.

After surgery, all patients remained in bed for the first 2 days; from early after surgery days, walking with physiotherapist was granted. Psychological support service followed, during all hospital stay, patients and their families for improving the adherence to discharge instructions.\[[@ref12]\]

Radiographic examinations were conducted before the discharge; clinical and radiographic examinations were conducted at 3, 6, and 12 months after surgery. Yearly examinations were done for the first 3 years and then every 5 years during the FU \[Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\]. The X-ray examinations were double blindly reviewed for analyzing the magnitude of the curves in preoperative time (T0). Major and minor curve angles in frontal view and eventual thoracic lordosis or lumbar kyphosis in the sagittal plane were evaluated using the Cobb method; the mean value of the two measurements was taken as correct for every item for reducing bias. Immediately, postoperative (T1) X-ray examinations and latest FU (T2) ones were also examined evaluating the three-dimensional correction: major and minor curve percentage correction and thoracic lordosis and lumbar kyphosis correction. The clinical outcomes were evaluated with Scoliosis Research Society 24 (SRS24) patient outcome questionnaire,\[[@ref13]\] investigating problems related to the intervention such as pain, the recovery of motor skills, the esthetic results, and the eventual affliction of the patient\'s social life. Score of each domain ranges from 1 (worst) to 5 (best).

![Patient 1 (male, 20 year old). Clinical aspect before and after surgery (a and b); posterior view (c and d) sagittal view](JCVJS-10-172-g001){#F1}

![Patient 1 (male, 20 year old) treated with pedicle screws' instrumentation. X-ray examinations: (a) frontal view before surgery, (b) frontal view at immediate postoperative time, (c) frontal view at follow-up, (d) lateral view before surgery, (e) lateral view at immediate postoperative time, and (f) lateral view at follow-up](JCVJS-10-172-g002){#F2}

![Patient 2 (male, 15 year old) treated with hooks and pedicle screws' instrumentation. X-ray examinations: (a) frontal view before surgery, (b) frontal view at follow up, (c) lateral view before surgery, and (d) lateral view at follow-up](JCVJS-10-172-g003){#F3}

Statistical analysis {#sec2-1}
--------------------

Collected data are expressed as mean ± standard deviation. Student\'s *t*-test was performed to show differences in angular values of frontal and sagittal curves (major curve, minor curve, thoracic lordosis, and lumbar kyphosis). Level of significance was set at *P* \< 0.05. Statistical analysis was performed using STATA 13 Software (StataCorp. LLC, USA).

RESULTS {#sec1-3}
=======

A total of 21 patients (9 males, 12 females) aged between 12 and 29 years of age at surgery (mean: 16 ± 4 years) met inclusion and exclusion criteria and were included in the study. Construct types were hooks with sublaminar wires (G1) in nine cases (9/21; 42.87%), hooks with pedicle screws (G2) in three cases (3/21; 14.29%), pedicle screws (G3) in five cases (5/21; 23.80%), and pedicle screws with sublaminar wires (G4) in four cases (4/21; 19.04%). The mean FU time was 8.04 ± 4.90 years (range: 2--17).

Major scoliosis curve had a mean value of 63.48° ± 17.98° (range: 17°--88°) at T0, corrected to 26.47° ± 15.24° (range: 0°--68°) at T1, and finally achieved the mean of 28.81° ± 15.81° (range: 2°--69°) at T2. Major curve percentage of correction stated at 56.44% ± 17.54% at the latest FU.

In ten cases (10/21; 47.62%), a minor curve was associated to the major one, its mean value was 58.60° ± 14.02° (range: 33°--76°) at T0 that was initially corrected to 27.1° ± 13.99° (range: 10°--60°) at T1, which was 30.30° ± 12.47° (range: 17°--60°) at T2. Minor curve percentage of correction was stated at 47.92% ± 16.22% at the latest FU.

Thoracic lordosis was associated to scoliosis in 16 patients (16/21; 76.19%), and in six of these (6/16; 37.5%), it was associated to lumbar kyphosis that in two cases was associated with scoliosis (2/21; 9.52%). Mean thoracic lordosis was −15.31° ± −11.63° (ranged from −43° to −10°) at T0, 15.80° ± 6.88° (ranged from −16° to 30°) at T1, and 13.60° ± 7.05° (ranged from −12° to 29°) at T2. A mean correction of 28.19°°± 12.93° (range: 5°--56°) was achieved for thoracic lordosis at latest FU.

Mean lumbar kyphosis was stated at 22.25° ± 11.33° (range: 8°--40°) at T0, 6.25° ± 9.53° (range 0°--22°) at T1, and 7.37° ± 8.78° (range: 0°--21°) at T2. At latest FU, the mean lumbar kyphosis correction was 14.87° ± 4.97° (range: 6°--20°). All details are available in Tables [1](#T1){ref-type="table"}-[4](#T4){ref-type="table"}.

###### 

Complete information about G1

  Hooks with sublaminar wires (G1)                                                                                                                   
  -------------------------------------------- ------- ------- ------------ ------- ------- ---------------------------------------- ------- ------- ----------------------------
  Major curve T0 (cobb°)                       52      78      74           68      84      62                                       70      58      45
  Minor curve T0 (cobb°)                       50              66                   72                                                               40
  Thoracic lordosis T0° (cobb°)                                12−          10−     43−     5−                                       5−              15−
  Lumbar kyphosis T0 (cobb°)                   18      8       38                   40      20                                                       
  Major curve T1 (cobb°)                       22      50      42           40      68      32                                       27      12      12
  Minor curve T1 (cobb°)                       18              32                   60                                                               10
  Thoracic lordosis T1 (cobb°)                                 10+          20+     16−     30+                                      22+             15+
  Lumbar kyphosis T1 (cobb°)                   8       0       22                   20      0                                                        
  Major curve T2 (cobb°)                       24      51      48           47      69      34                                       29      13      13
  Minor curve T2 (cobb°)                       23              35                   60                                                               17
  Correction major curve T0-T2 (%)             53.84   34.61   35.13        30.88   20.23   45.16                                    58.57   77.59   71.11
  Correction Minor curve T0-T2 (%)             54              46.97                16.67                                                            57.5
  Thoracic lordosis T2 (cobb°)                                 8+           16+     13−     29+                                      20+             11+
  Lumbar kyphosis T2 (cobb°)                   8       2       21                   21      0                                                        
  Correction thoracic lordosis T0-T2 (cobb°)                   20           26      56      24                                       25              26
  Correction lumbar kyphosis T0-T2 (cobb°)     10      6       17                   19      20                                                       
  Complications                                                Dural tear                   Anemia that required blood transfusion                   Mesenteric artery syndrome
  Follow-up (years)                            17      15      13           15      11      11                                       9       7       6
  UIV                                          T7      T4      T3           T3      T4      T4                                       T4      T4      T2
  LIV                                          L4      L3      L5           L3      L4      L5                                       L1      L2      T12
  EBL (ml)                                     1000    840     750          650     600     1600                                     850     870     450
  Operating time (min)                         240     300     280          260     300     280                                      250     230     185

All items about three-dimensional correction and its stability; years of follow-up; UIV and LIV; EBL and time duration of surgery. UIV - Upper instrumented vertebra; LIV - Lower instrumented vertebra; EBL - Estimated blood loss

###### 

Complete information about G2

  Hooks with pedicle screws (G2)                               
  -------------------------------------------- ------- ------- -------
  Major curve T0 (cobb°)                       70      17      37
  Minor curve T0 (Cobb°)                       60              33
  Thoracic lordosisT0° (cobb°)                         24−     33−
  Lumbar kyphosis T0 (cobb°)                                   
   Major curve T1 (cobb°)                      30      0       21
   Minor curve T1 (cobb°)                      35              22
   Thoracic lordosis T1 (cobb°)                        20+     17+
  Lumbar kyphosis T1 (cobb°)                                   
   Major curve T2 (cobb°)                      30      2       25
   Minor curve T2 (cobb°)                      36              24
   Correction major curve T0-T2 (%)            57.14   82.35   32.43
   Correction minor curve T0-T2 (%)            40              27.27
   Thoracic lordosis T2 (cobb°)                        20+     13+
  Lumbar kyphosis T2 (cobb°)                                   
  Correction thoracic lordosis T0-T2 (cobb°)           44      46
  Correction lumbar kyphosis T0-T2 (cobb°)                     
  Complications                                                
   Follow-up (years)                           2       2       2
   UIV                                         T4      T3      T3
   LIV                                         L4      L3      L3
   EBL (ml)                                    650     900     1400
   Operating time (min)                        280     360     264

All items about three-dimensional correction and its stability; years of follow-up; UIV and LIV; EBL and time duration of surgery. UIV - Upper instrumented vertebra; LIV - Lower instrumented vertebra; EBL - Estimated blood loss

###### 

Complete information about G3

  Pedicle screws (G3)                                                          
  -------------------------------------------- ------- ------- ------- ------- ------
  Major curve T0 (cobb°)                       60      84      48      71      45
  Minor curve T0 (cobb°)                                               66      
  Thoracic lordosis T0° (cobb°)                10−     28−     5−              
  Lumbar kyphosis T0 (cobb°)                                   20              5−
  Major curve T1 (cobb°)                       18      32      14      26      11
  Minor curve T1 (cobb°)                                               15      
  Thoracic lordosis T1 (cobb°)                 20+     12+     10+             
  Lumbar kyphosis T1 (cobb°)                                   0               0
  Major curve T2 (cobb°)                       19      34      19      27      10
  Minor curve T2 (cobb°)                                               20      
  Correction Major curve T0-T2 (%)             68.33   59.52   60.42   61.98   77.7
  Correction minor curve T0-T2 (%)                                     69.7    
  Thoracic lordosis T2 (cobb°)                 18+     12+     7+              0
  Lumbar kyphosis T2 (cobb°)                                   3               
  Correction Thoracic lordosis T0-T2 (cobb°)   28      40      12              5
  Correction Lumbar kyphosis T0-T2 (cobb°)                     17              
  Complications                                                                
   Follow-up (years)                           5       5       5       2       3
   UIV                                         T4      T4      T4      T4      T3
   LIV                                         L1      L1      L3      L4      L3
   EBL (ml)                                    650     850     950     1250    1150
   Operating time (min)                        250     230     200     280     210

All items about three-dimensional correction and its stability; years of follow-up; UIV and LIV; EBL and time duration of surgery. UIV - Upper instrumented vertebra; LIV - Lower instrumented vertebra; EBL - Estimated blood loss

###### 

Complete information about G4

  Pedicle screws with sublaminar wires (G4)                                                 
  -------------------------------------------- ------- ---------------------------- ------- -------
  Major curve T0 (cobb°)                       86      88                           72      64
  Minor curve T0 (cobb°)                               76                           68      55
  Thoracic lordosis T0° (cobb°)                22−     16-                          5−      7−
  Lumbar kyphosis T0 (cobb°)                           22                           12      
  Major curve T1 (cobb°)                       24      36                           24      15
  Minor curve T1 (cobb°)                               28                           30      21
  Thoracic lordosis T1 (cobb°)                 12+     14+                          15+     20+
  Lumbar kyphosis T1 (cobb°)                           0                            0       
  Major curve T2 (cobb°)                       22      43                           26      20
  Minor curve T2 (cobb°)                               29                           36      23
  Correction Major curve T0-T2 (%)             74.41   51.14                        63.89   68.75
  Correction minor curve T0-T2 (%)                     61.84                        47.06   58.18
  Thoracic lordosis T2 (cobb°)                 9+      10+                          11+     20+
  Lumbar kyphosis T2 (cobb°)                           4                            0       
  Correction thoracic lordosis T0-T2 (cobb°)   31      26                           19      23
  Correction Lumbar kyphosis T0-T2 (cobb°)             18                           12      
  Complications                                        Mesenteric artery syndrome           
  Follow-up (years)                            6       7                            12      14
  UIV                                          T5      T4                           T4      T4
  LIV                                          L2      L4                           L3      L4
  EBL (ml)                                     750     850                          900     650
  Operating time (min)                         400     230                          200     205

All items about three-dimensional correction and its stability; years of follow-up; UIV and LIV; EBL and time duration of surgery. UIV - Upper instrumented vertebra; LIV - Lower instrumented vertebra; EBL - Estimated blood loss

Student *t*-test showed significative differences (*P* \< 0.05) for all curves between T0--T1 and T0--T2 while between T1 and T2, no differences were found, demonstrating so the efficacy and reliability of surgery. We have also compared the results of each construct as reported in [Table 5](#T5){ref-type="table"}; inferential statistic was not applicable, but evaluating descriptive statistics only, G3 reaches the best performances.

###### 

Comparison of results obtained with different type of instrumentation

  Instrumentation                             *n*   Correction Major curve T0-T2 (mean %)   Correction minor curve T0-T2 (mean %)   Correction thoracic lordosis T0-T2 (mean Cobb°)   Correction lumbar kyphosis T0-T2 (mean Cobb°)
  ------------------------------------------- ----- --------------------------------------- --------------------------------------- ------------------------------------------------- -----------------------------------------------
  Hooks with sublaminar wires (G1)            9     47.46±19.27                             43.78±18.60                             29.50±13.17                                       14.40±6.10
  Hooks with pedicle screws (G2)              3     57.30±24.96                             33.63±9                                 45±1.41                                           \-
  Pedicle screws (G3)                         5     65.59±7.59                              69.70±0                                 21.25±15.78                                       17±0
  Pedicle screws with sublaminar wires (G4)   4     64.54±9.92                              55.69±7.68                              24.75±5.06                                        15±24

Mean percentage of correction for major and minor curve and mean correction in Cobb° for thoracic lordosis and lumbar kyphosis obtained by different type of instrumentation analyzed in our study

Revising the surgical reports, average EBL and operating time were 883.81 ml ± 276.72 ml (range: 450--1600 ml) and 258.76 min ± 52.93 min (range: 185--400 min), respectively. Complication occurred in four patients (4/21; 19.04%): two patients (2/4; 50%) suffered from mesenteric artery syndrome that resolved thanks to nasogastric intubation, one patient (1/4; 25%) was subjected to red cells concentrated bags transfusion for posthemorrhagic anemia, and one patient (1/4; 25%) suffered from dural tear resolved with the use of spinal sealant system. No cases of pseudoarthrosis, rod breakage, or screw\'s misplacement occurred.

Upper instrumented vertebra (UIV) and lower instrumented vertebra (LIV) were also recorded. UIV was T2 in one case (1/21; 4.76%), T3 in five cases (5/21; 23.81%), T4 in 13 cases (13/21; 61.91%), T5 in one case (1/21; 4.76%), and T7 in one case (1/21; 4.76%). LIV was T12 in one case (1/21; 4.76%), L1 in three cases (3/21; 14.28%), L2 in two cases (2/21; 9.53%), L3 in seven cases (7/21; 33.33%), L4 in six cases (6/21; 28.57%), and L5 in two cases (2/21; 9.53%). A mean of 12.09 ± 1.48 vertebrae was instrumented for each patient.

Clinical results of SRS24 questionnaire at FU are reported in [Table 6](#T6){ref-type="table"}.

###### 

Clinical results

                                  Mean        Range
  ------------------------------- ----------- -------
  SRS pain                        4.62±0.59   3-5
  SRS general self-image          4.80±0.51   3-5
  SRS self-image after surgery    4.86±0.48   3-5
  SRS function after surgery      4.24±0.54   3-5
  SRS general function            4.66±0.48   4-5
  SRS function activity           4.28±0.64   3-5
  SRS satisfaction with surgery   4.95±0.21   4-5

The clinical results obtained with the use of SRS-24. SRS - Scoliosis Research Society

DISCUSSION {#sec1-4}
==========

Spine deformities affect many MFS patients; their severity may range from minor curves that do not require any intervention to severe surgical deformities.\[[@ref2][@ref14]\] The most representative is scoliosis, but sagittal alterations (hyper- and hypo-kyphosis) are usually associated; several times, the inversion of sagittal curves can be appreciated. These skeletal deformities may be associated with severe respiratory deficiency and congenital cardiovascular disease that conditioning the surgical treatment.\[[@ref3][@ref15]\] Despite these considerations, the improvement in the quality of life and survival in patients with MFS made surgical treatment of spinal deformities often indicated.

Surgery is more challenging in MFS than in adolescent idiopathic scoliosis (AIS). Spine surgeon must consider several factors; first of all, the type of instrumentation. For a long time, the Harrington rod instrumentation was the only feasible choice\[[@ref3][@ref7][@ref16]\] despite a poor rod sagittal modeling. The evolution of the instrumentation including hooks, sublaminar wires/bands, and screws were performed in posterior arthrodesis for these syndromic deformities. Our study reports results of different instrumentations that evolved along the years. In our initial study cases, we adopted hooks with sublaminar wires arthrodesis that provide deformity stabilization with limited correction; moreover, the shearing forces at the bone--hook interface may lead to lamina fracture caused by osteopenia present in Marfan patients.\[[@ref17]\] A weak bone quality and the risk of deformity progression in MFS patients are well described in literature; segmental fixation needed better with pedicle screws or sublaminar bands. In cases with a very poor bone quality, cement augmentation may be used as in osteoporotic fractures.\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\]

A well inserted, till the vertebral body, pedicle screw has a greater moment arm that permits to apply greater corrective forces with respect to hooks.\[[@ref17][@ref24]\] These results may be appreciated in our series; in fact, the correction of major curve improved from a mean of 47.46 ± 19.27 in G1 to 57.30 ± 24.96 in G2, when hybrid constructs were used, but better results were achieved with only screw intrumentations.

The most frequent complications reported in literature are dural lesions, pseudoarthrosis, blood loss, and progression/decompensation of all curves.

The first one was reported in approximately 63%--93% of cases.\[[@ref25]\] In MFS, a widening of a dural sac called dural ectasia is very common, especially in the lumbosacral region; so, the risks of dural lesions during insertion of screws or positioning of hooks are increased. Dural ectasia may affect the anatomy of the surrounding structures, especially pedicle results to be thinner or dysplastic. Like other spinal deformities associated to congenital syndrome such as neurofibromatosis and\[[@ref26]\] MFS, spinal deformities are burdened by this risk of pseudoarthrosis that is stated at almost 10%.

EBL is reported as increased in MFS patients respect the AIS ones. Many studies report an average blood loss of 2000 ml in Marfan patients compared with 1000 ml in AIS.\[[@ref18][@ref27]\] These results have probably many causes such as rigid deformities, more challenging surgery, combined anterior and posterior approach, and many others. Despite these literature results in our series, we had EBL comparable to which reported in AIS; we can speculate that these results may be achieved, thanks to posterior approach only, superlative anesthesiologic support, and careful hemostasis.

Appropriate classification and the study of deformity are recommended for preventing progression or decompensation of curves. Jones *et al*. suggested three laws: coronal curves \>30° and sagittal stable zone must be included in the arthrodesis (selective thoracic fusion is inadequate for double curves), dissection must be limited as much as possible, and correction should be limited to 50%--60% avoiding correction of 80%--100% of technically possible.\[[@ref18]\] We agree with these three laws that we follow every day like reported by our results; mean major curve correction ranged from 47.46% to 65.59%.

We are aware that our study has no control group and that the subgroups (G1, G2, G3, and G4) are not enough to permit to conduct inferential statistic examination.

CONCLUSIONS {#sec1-5}
===========

Considering our results and comparing them to the literature, we can assert that spine deformity surgery in patients affected by MFS is challenging for every surgeon and should be treated in specialized centers cause the possible complications such as dural lesions, high volume blood loss, pseudoarthrosis, and curve decompensation. Evaluating the different results obtained with different instrumentations, screws seem to guarantee better correction of the deformities.
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